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Maintenance fiee emergency lighting 



The invrarticm lelates to an emer^cy li^hding device conqxrising an 
ilhiminalion lamp for illuminating a surrounding area, an energy storage unit for providing 
electrical energy for powering Ae lamp, a charging arrangement for charging the energy 
storage unit, and control means for activatmg the lamp and for controlling Hbs chargfaig. 
5 Further, the invention relates to an emergency lighting system comprising a plurality of such 
emergency lighting devices. 

Emergency lighting devices and systems are known for a long time. Such 

10 devices and systems ai» ^Ued to provide an emergency illumination in building, tunnels, or 
any olher location. Illumination is provided in case of an emergency, e.g. a feihwe of a power 
supply which would normally provide power to regular iUnmination, or any other emergency 
situation, such as a fire, a smoke alarm, a risk of a presence of explosive substances, or any 
other emergency. The emergency Ughting devices comprise an fflumination lanq> which can 

15 be any suitable type of a lamp, such as a gas discharge lamp, a luminescent tube, a halogen 
lanp, a standard glow bulb, any other type of filament lamp, a Ught emitting semi-conductar 
device, or any otiier suitable fflumination device. To be able to power the lamp, flie 
emergency Ughting device comprises a battery, such as a NiCd battery, or a lead-acid battery. 
To be able to fulfill requirements, such as legal requirements or safety reqiurement inaposed 

20 by an operator of a feciUly in which tiie emergency Ughting device is to be installed such as a 
tunnel, or a building, a minimum duration of operation is required. An example of such 
minimum duration of operation is one or a few hours, however any time span might be 
required. As an occurrence of sax emergency situation cannot be predicted, tiie emergency 
noting device is required to be fully operational at any time, and flius the accumulator needs 

25 to be sufadenfly charged to be able to provide sufficient energy for iUuminating tiie lamp 
during the minimum predetermined period. 

A problem associated with the above emergency Ughting is tiiat accumulators 
have a tendency to deteriorate over time and hence must be tested and possibly replaced 
periodicaUy. For testing whetiier tiie emergency Ughting is able to provide tiie required 
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iUumination during at least the mimmum required period of time, at present the emergency 
iUumination has to be put into its active, cperational slate, i.e. the lan^ being powered by Hxe 
battery, and operation of the lamp has to be monitoied during atjeast flie minimum 
predetemiined time. When it q>pears tiiat the lamp continues to operate during at least the 
5 predetermined period of time, tiie condition of flie battery is considered to be acceptable, 
while in tiie case tiiat the lamp does not operate for flie predetermined period of time, thl 
battery requires replacement. A disadvantage of tiiis test procedure is tiiat it mostiy requires a 
taking out of service of tiie fedlily, such as the tunnel, building, ete. in which tiie emergency 
lighting is instaUed, and tiiat it is laborious as an operator has to monitor a duration of 
10 illumination of each lamp in or on the &cili1y. 
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The invention intends to provide an mumination lighting, which requires a low 
amount of maintenance. 

To achieve tins goal, flie emergency Hghting device according to flie invention 
is characterized m fliat flie energy storage unit essentially comprises an ultra-capacitor for 
storing tiie electrical energy. The uhra-c^tors, also called super-capacitors or boost 
capacitors are known as such. An ultra-c^tor stores energy electrostatically by e.g. 
polarizing an electrolytic solution. This mechanism is highly reversible, allowing flie ultra- 
cq»acitor to be charged and discharged hundreds of fliousands of times. The ultra-c^acitor 
e.g. comprises two non-reactive porous plates suspended witidn an electrolyte, wifli a vohage 
^plied across tiie plates. The appUed potential on flie positive plate attracts tiie negative ions 
in flie electrolyte, while flie potential on tiie negative plate attracts flie positive ions. This 
effectively creates two layers of capacitive storage, one where flie charges are separated at 
flie positive plate, and anoflier at flie negative plate. The ultra-c^tor can comprise a 
parallel plate or a double layer c^acitor. The person skilled in flie art however has not 
considered appKcation of such ultra-c^acitor in an emergency lighting, as ultra-c^acitors 
have a high cost price and current volumes of an ultra-capacitor for achieving a certain 
energy storage capacitance are significantiy larger tiian fliose of a conventional battery, such 

as a NiCd or NiMh battery. As however properties of a capacitor do not, at least not 
significantly deteriorate over time, testing flie emergency Kghting device by activating its 
emergency Hgjrting state and monitoring if flie device is able to power flie lamp during at 
least tiie minimum predetermined time is not required, as electrical properties of tiie ultra- 
c^acitor are substantially constant over time, i.e. do not or not significantiy deteriorate. 
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Further, (operatiangl) lifetime of an ultra-capacitor can be predicted relatively accurate. As a 
voUage of the ultra-c^acitor will linearly or approximately linearly depend on a charging 
condition theteol^ an electrical converter might be connected between the ultra-capacitor and 
the lamp for converting a voltage suppUed by the ultia-capacitor into a voltage or other 
electrical quantity required fin: operating the lamp. 

The emergency lighlmg device advantageously comprises a test circuit for 
measuring an impedance of the capacitor in a charged or discharged condition of the ultra- 
capacitor. By measuring an impedance of the ultra-capacitor, such as a leakage impedance or 
an alternating current (AC) inq)edance, which can be perfiatmed in any charging condition of 
Ihe ultra-c^acitor, a condition thereof can be reUably tested, as a leakage impedance and/or 
an alternating current impedance provide a reliable indicator of a condition of the ultra- 
c^acitor. For measuring the alternating current impedance, tiie test circuit can ^ly an 
alternating voltage to the ultra-capacitor and measure an alternating current flowing in 
lespoDse thereto through the ultia-capacitor, or vice versa. Thus, these test can be performed 
without having to discharge the capacitor and/or power the lamp wifli the energy stored in the 
ultra-c^acitor for a time period, such as the minimum required qpemtional time of the 
emergency Kiting device. As flie ulti»-c^>acitors have a long operational life, periodical 
replacement of batteries can be omitted tinis avoiding an environmental burden associated 
therewith, as well as material and labor costs for replacement, and costs of down time of flie 
emergency Hghting device, which are mostiy high as maintenance of tiie emergency Hghting 
device will in a lot of ^Kcations require a taking out of operation of the facility in which it 
is installed. Also, replacement of the batteries would, e.g. in office buildings require an 
opening of lighting fixtures, ceilings, ete.. As such operations are not required with the 
emergency Ughting device according to the invention, operational costs are reduced even 
fiirther. 

Also, energy consumption of the emergency Ughting device according to the 
invention is reduced, as a continuous or periodical recharging of tiie battery to be able to 
maintain tiie battery at its fiill edacity is not required. Leakage current of tiie ultia-c^acitor 
is low, and thus power consumption associated with rechargmg thereof is significantiy 
reduced Also, tiie contiaiuously or periodic (tiicle-charging) of a battery results in additional 
losses in tiie battery and mcieases a temperature of tiie battery, tinis fiirflier affecting bati»ry 
life and thus furflier increasing maintenance burden on the emergency lighting device. A 
fiirflier advantage of flie ultia-c^acitor is flat it can be charged very fist Thus, in the 
emergency U^ting, once power is available again after an emergency, tiie device is fiilly 
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operational again in a short time, as the ultia-cq)acitQr can be chaiged with a veiy high 
cunent, thus in a very short time span. As a result, ihe emergency lighting device is fully 
operational again within a very short time, should tiie emergency situation reoccur. Also, a 
momentary chargmg condition of the ultra-editor can be checked reKably and with si^le 
means, such as a simple electronic test drcuit, by sensing a momentary voltage of the ultia- 
cqwcitor, as the amount of electrical energy stored in tiie capacity is linearly or virtually 
linearly dependent on the voltage thereon. 

In tiie emergency lighting device, the charging auaagement can 
advantageously be arranged for applying an essentially fixed voltage or cunent to the ultra, 
capacitor. Due to the high current which tiie ultra-capacitor can withstand, as well as the 
linear relation between Ihe charging condition and the voltage on the editor, such a simple 
and straight forward charging arrangement can be ^lied. A current limiter can be included 
for limiting an excessive charging current 

In an otiier advantageous embodiment, tiie charging arrangement conquises a 
switching means fiw alternating^ connecting a switching node witii a supply node and a 
ground node, a first branch being connected to tiie charging node, tiie first branch con^Mising 
a series connection of at least a c^acitor and an inductive element, tiie first branch fijr 
providing electrical energy to a rectifier which is comiectable to tiie ultra-editor for 
chargmg tiie ultra-editor. Thus, a configuration is provided which is able to charge tiie 
20 ultra-cditor in a very short time, as a high charging current can be generated witii tiiis 

chargmg arrangement Unlike oflier arrangements, this arrangement makes use of a parasitic 
series mductance of tiie uhra-c^acitor, as tiie parasitic series inductance tiiereof functions as 
a filter for smoofliing a pulsed current charging flie capacitor. The switching means can 
comprise any suitable switching means, such as field effect transistors. The mductive element 
can comprise an inductor, however to achieve a gahranic isolation and/or to realize a 
significant change between an iiqiut voltage and an output voltage of tiie charging 
arrangement, tiie inductive element can comprise a transformer, tiie first branch of flie 
chargmg arrangement being connected to flie ground node via a first port of flie transfimner, 
a second port of the taansfbrmer being connected to flie rectifier. 

A fiirther advantage of tiie chargmg arrangement is fliat it is protected against 
high ou^ut currents, due to flie fimction of flie parasitic series inductance of tiie ultra- 
c^adtor, inductance of wWng and mductance of tiie inductive element, which limit current 
m tiie case tiiat flie uhra-Cditor is fiiHy discharged, i.e. in flie case where tiie initial voltage 
over the ultra-capacitor is zero or ahnost zcto. 
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The charging arrangement can fiirther comprise a charging control device for 
controlling the charging, the chaigmg control device affecting a frequency of a switching of 
the switching device for affecting a current in the first branch. Alternatively, an RMS current, 
average current or any combination thereof can be controlled. Duty cycle of the switching is 
5 advantageously kept by flie control device at an essentiaUy fixed rate. Thus, a se^ 

converter is created, a switching of the switching device taking place at zero voltage, by 
keeping a duly cycle of Ae switching frequency at an essentially fixed rate. Due to ^ zero 
voltage switching, power dissipation in the charging arrangement can be kept low deq>ite 
high currents involved. 

1 0 Advantageously, the charging control device is arranged for sensing a voltage 

of the ultra-capacitor when the charging of the capacitor has been stopped. At the moment 
when the charging of €te ultra-c^acitor is stopped, voltage drop over the parasitic series 
inductance thereof will be zero, and thus the voltage sense will provide a reliable measure on 
flie actual charging and/or the actual voltage of the super-capacitor. The charging can be 

15 stopped e.g. periodicaUy fin: a sensing of the voltage of the ultra-capacitor. Also it is possible 
that the voltage is sensed during charging, while at the moment when the voltage reaches a 
certain value, the charging is stopped to sense the voltage with a higher accuracy. 



20 The invention will ftirflier be described with reference to the appended 

drawing in wkdch a non-limiting einbodiment of the invention is shown, in whick 

Fig. 1 shows a block schematically diagram of an emergency lighting device 

according to the invention; and 

Fig. 2 shows a schematic circuit diagram of an embodiment of the charging 

25 arrangement according to the invention. 



Fig. 1 shows an emergency lighting device comprising a charger 1 for 
charging an energy storing device, in this case an ultra-c^acitor 2. The charging device or 
30 charging arrangement 1 is able to charge the ultra-cs^wcitor 2 when a connection via the 

switch 4a has been established. The chargmg arrangement 1 is suppUed with electrical energy 
by means of an electrical power sujiply la such as an electrical mains. The energy storage 
device 2 is oonnectable via a second svwteh 4b to a lamp 3 for operating the lamp 3. The lamp 
3 can comprise any suitable type of lamp, such as a high pressure or low pressure discharge 
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lamp, a halogen lamp, a glow bulb, a Imninescent tube, a fluorescent lamp, a semi-conductor 
Ugjit emitting device, or any other suitable illumination device. The emergency Hghting 
system fiather comprises a control device 4 fijr controlling the charging of the charger 1 and 
for switchmg on fte lamp 3 by controlling the switch 4b. In addition to tiie configuiation 
5 shown m Fig. 1, it is also possible that the power si?>ply la is directly connected via an 

additional connection (not shown) to flie lamp 3, e.g. via an additional switch. In fliis manner, 
it is possible to operate tiie lamp 3 making use of power supplied by tiie power supply line 1 a 
in non-emergency conditions. Further, it is alternatively possible that tiie switch 4a is left out, 
depending on flie construction of flie charging device 1. The emergency lighting device as 
10 depicted in Fig. 1 canbebuilt into one smgle housing, or might be distributed over a plurality 
of housings. Also, a converter can be functionally placed between tiie ultra-c^>acitor and tiie 
lamp, for converting a voltage supplied by tiie ultra-capacitor, which depends on flie charging 
state of tiie ultra-c^acitor, into a substantially constant A.C. or D.C. voltage for powering 
the lamp. 

The chaigmg arrangement of tiie emergency lighting and device according to 
flie mvention, as deleted in Fig. 2 comprises a switchmg means comprismg switches Ml and 
M2. The switchmg means altematingly connect a first branch comprismg c^acitor C and 
series mductor Ls to a supply voltage Vs and a ground vohage. The supply voltage Vs can 
e.g. comprise a rectified mains voltage. The series inductor Ls is connected to a first port, ie. 
20 a first windmg of a transfimner T. A second port, i.e. a second winding of flie transformer T 
is connected to a rectifier for rectification of pulses provided by tiie rectifier R. The rectifier 
R is connected to tiie ultra-capacitor UC for storing tiie electrical energy. A parasitic series 
inductance of tiie ultra-capacitor, possibly in combination wifli inductance of wiring, 
schematically indicated as Luc provides for a filtering of flie current pulses provided by the 

25 rectifier R to flie ultra-c^adtorUC. The value offlie capacitor C is chosen large enou^ 
such fliat zero voltage switching can be guaranteed as tiie effective load, i.e. tiie ultra- 
capacitor including flie parasitic inductance Luc, mductance of wiring and mductance of tiie 
tiansformer and/or tiie series inductor Ls, is inductive over tiie entire operating frequency 
range and flie switdiing means coniprismg flie switches Ml and M2 is driven wifli a 50% 

30 duty cycle. The series inductor Ls can be a separate inductance however can also be formed 
(parfly or fully) by a leakage inductance of flie transformer T. The rectifier can e.g. be a diode 
rectifier or a synchronous rectifier. The ultra-c^acitor Uc has a large physical dimension and 
as a consequence fliereof flie parasitic mductance Luc of tiie ultra-capacitor and flie 
connections flierepf is large. In tiie circuit according to Fig. 2, fliis parasitic series mductance 
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is used as a filter to smoothen current pulses firom the rectifier and plays an important role in 
the woddng principle of the circuit according to Fig. 2. Thus, the parasitic series inductance 
of Ihe transformer as well as the parasitic series inductance of the ultra-capacitor, which 
comtponents normally pl^ an adverse role in the circuit and are regarded as an undesired 
behavior of the transformer respectively the ultra-cs^wcitor, are used as an integral part of the 
circuit according to Fig. 2. This is especially of advantage since these parasitic inductance's 
are large due to &e large dimensions chosen fi>r the transformer and the ultra-capadtor, tiiese 
dimension being chosen to be able to charge Ihe ultra-capacitor with a high current in a short 
time. The charging of the ultra-capacitor is controlled by the charging control device (or any 
other control arrangement) comprising the optical isolator (such as an optocoupler) OI, a 
current sensing device Cs sensing a current in the primary winding of the transformer T, a 
voltage sensing arrangement V sensing a voltage of the ultra-capacitor and a controller Con. 
The charging control device unit regulates a charge current of the ultra-capacitor by 
controlling a peak value, RMS value or average value of the primary current, thus the current 
flowing in the primary winding of the transforms T. The value of this current is sensed with 
Ihe current sense Cs (e.g. comprising a shunt resistor) or alternatively is sensed in (series 
with) the switoh M2 e.g. comprising a metal oxide ^micandnctor field effect transistor or is 
sensed in series wilh the supply voltage Vs. A peak value of flie primary current in the 
primary winding of the transformer T can be controlled by the controller Con by controlling 
the switching ftequency. A 50% duty cycle is not affected thus achieving zero voltage 
switehing over Ihe entire operating range of Ihe converter accordmg to Fig. 2. The D.C. 
voltage over the ultra-cq)acitor can be measured continuously by the sensing arrangement V, 
however due to the influence of Ihe inductance Luc a measurement error wifl occur when 
current flows through this inductance. Therefore, according to the invention the voltage over 
the ultra-c^acitor can be accurately measured when the charging is stopped, thus bemg able 
to measure a direct current voltage over Ihe ultra-capacitor without having any effects of the 
ou^ inductance on the voltage measured. Such output voltage measurement can be 
performed periodically, and thus for this reason flie charging should be interrupted 
periodically if charging takes place. Also, it is possible that a less accurate measurement is 
performed during the charging, vMle at a moment when the capacitor ^»proaches a state of 
folly charged, the charging control device applies die accurate measurement stopping the 
charging. The charging control device can be a separate device or form part of Ihe control 
device 4 of Fig. 1. 
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The ultra-cq»acitor in fhe emergency Kgjiting device according to Fig. 1 can be 
tested by measuring an impedance of the c^adtor, which is possible in any charging 
condition of the ultra-capacitor. It is possible to measure a leakage in^edance of the ultra- 
capacitor, the leakage impedance providmg an indication on the condition of the ultra- 
capadtot. Also, it is possible to measure an alternating current impedance, e.g. by applying 
and altemating voltage to tiie ultra-capadtor and measuring an altemating current flowing in 
response to tiiis voltage ftrough the ultra-capacitor. Also it is alternatively possible to ^ly a 
current to flie ultra-capacitor and measure a voltage generated in response fliereto over tiie 
ultra-capacitor. The test circuit has not been depicted in Rg. 1 and Fig. 2. Advantageously, 
botii the leakage impedance or current and energy contents are measured. Leakage can be 
measured by measuring a voltage decrease over a time. Energy contents is determined by 
measuring a voltage over flie capacitor (preferably when chargmg has stopped), and 
calculating energy contents tiierefiom, e.g. makirig use of the fiirmula E = J4CV^ wherem E is 
flie energy contents, C the cq>acitance and V the voltage over flie ultra-capadtor). 

An emergency lighting system can comprise a pluraHty of emergency Hghting 
devices as outiined above, flie devices of flie system can be interconnected via any suitable 
means. Further, flie system can comprise a cQntix)l system for checkmg flie devices of the 
sfystem and for receiving status information and/or error messages therel&om. 

Thus, according to the invention an emergency Ughting device has been 
20 created which is essentially fiee of maintenance, as flie periodic putting into operation of tiie 
emergency Hghting device and discharging flie energy storage unit to be able to check if 
energy stored in flie energy storage unit is sufficient to operate flie lamp during at least flie 
minimum predetermined time, can be omitted Therefore, total operating costs will be 
significanfly reduced and a burden of testing flie emergency lighting device can be omitted, 
25 which is considered to be of advantage as it avoids intemgrtion of normal operations takmg 
place in flie fecilhy in which flie emergency lighting device is installed. 
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CLAIMS: 



10 



1 An emergency lighting device comprising an illumination lamp fm 
illuminating a surrounding area, an energy storage unit for providing electrical energy for 
powering the lanq), a charging arrangement for charging the energy storage unit, and control 
means for activating the lan^ and for controlling the charging, wherein the energy storage 
unit essentially coiBiMrises an ultra-c^)acitor for staring the electrical energy. 

2 The erDer^cyU^ting device according to claim 1, further comprisi^ 
dicuit for measuring an impedance of flie c^adtor in a charged or discharged condition of 
the ultra-c^acitor. 

3. The emergency lighting device according to claim 2, wherein the impedance 

comprises a leakage iinpedance. 

4_ The emergency lighting device according to claim 2 or 3, wherein fte 

15 impedance comprises an alternating current impedance, the test circuit for applying an 
alternating voltage to the ultra-capacitor and measuring an alternating current flowing in 
response thereto through the ultra-a^adtor, or vice versa. 

5 The emergency lifting device according to any of fhe preceding claims, 

20 wherein the charging anrangpment is arranged for applying an essentially fixed voltage or 
current to the ultra'-c{q>acitor. 

6. The emergency lighting device according to any the preceding claims, wherein 

the charging arrangement comprises a switehing means for altematingly connecting a 
25 switching node with a supply node aad a ground node, a first braach being connected to the 
charging node, the first branch comprising a series comiection of at least a c^acitor and an 
inductive element, the first branch for providing electrical energy to a rectifier which is 
connectable to the ultra-c^acitor for charging the ultra-c^acitor. 
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'^^^'"^^'^lifi^itN; device accoidmg^ 
element comprises a transfijrmer, the first branch being connectBd to the ground node via a 
first port of the IransfiMiner, a second port of the transformer being connected to tiie rectifier. 

5 8. emergency Hgjhting device according to claim 6 or 7, the charging 

arrangement further comprising a charging control device for controUing the charging, the 
charging control device affecting a fi-equency of a switching of the switchmg device for 
affecting a current in the first branch. 

^® ^- ""^^ emergency lighting device accoiding to claim 8, wherein the charging 

control device is arranged for keeping a duty cycle of the ftequency of the switching at an 
essentially fixed rate. 



15 



10. The emergency Kghting device according to any ofclaims 6 to 9, wherein the 
control device is arranged for sensmg a voltage of the ultra-capacitor when the chargmg of 
the ctQKicitDr has been stopped. 

11. An emergency lighting system comprising a plurality of emergency lighting 
devices according to any of claim 1 to 10. 
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An emergency U^ting device comprises an muminafion lamp for illuminatrng 
an area and an energy storage unit for providing electrical energy for powering the lan^. 
According to the invention, the energy storage unit comprises an ultra-capacitor for storing 
the electrical energy. As the ultra-capacitor shows hardly any deterioration over time, 
ejctensive, e.g. periodical testing of the emergency Ughting device during its lifetime can be 
omittBd. A charging arrangement for charging the ultra-c^»acitor in the emergency lighting 
device is described. 

Fig. 2 
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